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1 Introduction

% The hunting of NP is one of the hottest topics for theorist and experimentalist.

?The B factories gave a very clear channel to test SM, just as T(3S) —
T(1S)n n~, T — ITl~ (I = 7, u). Recent Babar measured the ratio [, 2]

Br[Y — 7777
Br(T — ptp~]

R., = = 1.005 4 0.013 4 0.022, (1)

@ The Leading Order SM prediction of R, is 0.992[3, 4] . It is consistent with
experimental date within error bar.



X The SM predictions should be compared with experimental data beyond tree
level.

X At the same time, R, is sensitively on the coupling of i(Ag)bb and h(Ag)lT1~
within NP.

X Itis an excellent probe for the new Higgs interactions in some NP Model, where
the coupling of Higgs bb and Higgs /"]~ is enhanced [5].

X Then we should calculate the ratio R, and compare with the experimental data
to test SM or hunt NP.



There are some theoretical and experimental works related with it.
7 .
< The QCD corrections of T — [~ have been calculated to two-loop [6].

<_/\ .
< We have calculated T decay to charm jet[7/].
¥ The CLEO got the ratio 12;, = 1.02 £ 0.02 £ 0.05 in 2006 [3].

) . .
5 The MC simulation of Y — [*1™ has been studied, where large logarithms have
been resummed[“].

< The pseudoscalar Higgs Ay is also introduced in decay and spectroscopy of
bottomonium [10, 11].

< Babar has searched for a light Higgs boson A, in the radiative decay of
T(nS) = vAy, Ay — M1~ for n = 1,2,3. They found no evidence for such
processes in the mass range(.212Gel < M4y < 9.3GeV and no narrow struc-

ture with 4.03GeV < M_+.- < 10.10GeV [12].

b 7, leptonic decay is discussed too.[ |3, 14, 15].



2 Standard Model prediction
The LO QED Feynman diagrams of T — [*]~ are shown in Fig.1.
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Fig.1 Part of the Feynman diagrams of T — [*/~ within SM.



Followed the process of T — cc in Ref.[7], we can get the LO amplitude and decay
width of T — [T]~,
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2 2 —
LrolT = -] = 4| R(0)[a®y/1 477(1%—27“;)’ 2)

M2

where r; = M7?/M%, |R(0)| is the radial wave function of T at origin, € is the
polarization vector of 1. If expanded with r;, we can get
_ AR(0)]*a”

LrolT — I7I7] = === 5 (1—6rf +0O (7)) 3)
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— L - 192%x107?

= 35x107" (5)

A : N
4 In experimental data, R;,, = —*

S J\?Z " where N, (Ngig7) Indicates the number

of signal events. and €,,(¢,,,) is the efficiency.

b R;, 1s very clear in both theory and experiment.



o We take into account the NLO QED correction here.

o The renormalization of lepton and b quark wave function, and electron charge
should appear.

o We use D = 4 — 2¢ space-time dimension to regularize the divergence. On-
mass-shell (OS) scheme is selected for Zg,;) and modified minimal-subtraction

( MS ) scheme for Z,:

Qia | 1 2 A7
5798 = X1 — 3vp + 31 4
2f 41 €UV i €IR 7E o M]% i ’
- 10/ 1
57 = L34+ 2) (— —yp+In(dn) ), 6)
o 3 EUV

where 1 1s the renormalization scale, g 1s the Euler’s constant, f = b, [, and
() 1s the charge of fermion f in unit of electron charge.

oIt we ignore the self energy of photon and the renormalization of «a, the NLO
QED correction is just replaced 4« /3 with o from T — c¢[7].



In numerical calculation, the parameters are selected as:

0.5110MeV, M,;= 0.00MeV, M, = 0.00MeV,
0.1057GeV, M, = 0.10GeV, M,.=1.30GeV,
1.7768GeV, M, =4.73GeV, o =1/132.33.

(7)

Here Mj, = M~ /2. The renormalization scale p is selected as 1 = M.

Tabl The numerical decay width of T — {7~ (] = 7, 1) and R, within SM.

F[T] F[:LL] RTM
LO | 2.8221 12O 12 8444 JEOL T (9922
NLO QED | 2.7773 120 | 27965500 | 0.9932
Babar - - 1.005 %= 0.026



We should calculate the uncertainty for the theoretical prediction.

For the NLO QED corrections have been taken into account, the uncertainty
from higher order QED contributions is O(a?/7?) ~ 6 x 107°

The event is selected through four charge particle. So the uncertainty from QCD
contributions are come from T — [Tl gg — [T~ + uncharged particles.
LT — [Tl7gg]/T[T — [T17] is about 27:(0.2%) for u*p~(7777). As a naive
estimate, the ratio of gg — uncharged particles should less than 1/3. And
uncertainty is less then 0.6%.

» 7 can contribute to T — [T~ at tree level. We can get

MZHT = 1T / I [(4sin? O — 1) ¢+ 7] 1 @)
MY =1t 7 [ {1 ’
. M3 (3 — 4sin* by ) )

T 16 (M2 — M2) (1 — sin? fyy) sin? Oy

Here f, ~ —M#%/M; ~ —10~2 Then the uncertainty from vector current of
Z on Ry, should be O(f. (1 —4sin” Oy ) (REFP — RED)) ~ O(107°). Here
superscript QD means NLO QED has been taken into account. The axial
vector current the ratio with a factor O(M3ZM?/M7) ~ O(107°) only.



A Within SM, it should be considered that T — ~m,, where n, — (1]~ is fol-
lowed [11]. The energy of v is about 70 MeV in T — ~n, and Br|np, —

1 (+7s0ft)] ~ 107813, 14]. For T — 1, is a P wave process, we can esti-
mate Br|T — ~yn| through
CIY = ym] (@)2 (Mj/w(Mr - Mnb)>3 (10)
[J/v — vn,] Ec My (M — M,y,)

Then Br[Y — ;] ~ 107°. So Br[T — ymy] X Brim, — T (+7s0ft)] ~
10712, This can be ignored safely.



Tab.2 The uncertainties of R, within SM.

Order Numerical
QED o’/ 6 x 107°
QCD <oz§/7r2x1n%‘z/3><% <6x107°
Z(W* H)| MZM2/M: or aM2/(M2r) 4 % 1076
my | Br[T — ~ymy] x Brn, — [T17] 1 x 10712
Total - < 0.006
RoY 1 0.993 % 0.006
R 1 1.005 4 0.013 4 0.022

The uncertainties of 1;,, within SM are listed in Tab.2. Then SM prediction is
R, = 0.993 £ 0.006. (11)

Compared with Eq.(1), it is consistent with the experimental data in the error bar
and a little less than the center value.



Most of the uncertainty come from the QCD contributions in Eq(11). It 1s difficult
to measure. So we present a better approach to test the SM,

Riy(Esopt) =T[T =777~ + X]/T[T - p'p” + X (12)

] |EX<Esoft

. If we select B,y ~ 5GeV, I'T — 171 + ggl|my<k,,, is less than T[T —
[717]/1000, then the impact on R, (FEs, ) is less than 2 x 10~°, but the large loga-

rithms appear

4E%  4AM?
L=In—2Ih—}. (13)
My My
We resum the large logarithms with YFS resummation scheme[ 16, 9],
— 2F, Inr; w2
Y=—/{2( 1)1 — 1]. 14
W((HTH_)HMTJFQ 3+> (14)

The resumed results are

res Y
.o — € FLO?

Nio = (" =1-Y)Tro+Tqep. (15)



If we select £/; = 0.2GeV . Including the uncertainty, the ratio is
R.,(0.2GeV) = 1.0628 £ 0.0011. (16)

The effect of QCD is very weak in this channel. R, ,(E,s:) can be compared with
experimental data more precise.
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Fig.2 The dependence of R.,(Es.:) on the soft cut £; within SM.



Tab.3 The numerical decay width of processes T — (7]~ (I = 7, y) in unit of

1’0%; )’W and R, (Esyf:) within SM. E; = 0.1 means the soft cut is 0.1GeV.

D] Tlul Rou(Esope)

LO|2.8221 2.8444  (0.9922

LOYFS|g —0.10|2.7277 2.4925 1.0944
NLO|g,—0.05 | 2.6744 2.3932 1.1174
NLOYFS|g —0.05 | 2.6768 2.4272  1.1028
NLO|g,—0.10 | 2.6954 2.4678  1.0922
NLOYFS|g,—0.10|2.6970 2.4916 1.0824
NLO|g,—0.20 | 2.7158 2.5411 1.0688
NLOYFS|g,—020 | 2.7168 2.5564  1.0628
NLO|g,—0.45 | 2.7385 2.6236  1.0438
NLOYFS|g —0.45 | 2.7389 2.6312  1.0409




3 Impact from New Physics

NP may play a role in the discrepancy between theoretical prediction and exper-
imental data of R;, in Eq.(11) and Eq.(1). We only consider the scheme of light
Higgs h and pseudoscalar Higgs A here.

4 NP Box 2 NP Vertex

Fig.3 Part of the Feynman diagrams of T — [~ which Ag(h) involved. The
Feynman diagrams which exchange Ay(h) between bb are ignored for it should not
change the ratio R;,.
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Fig.3 Feynman rule of A f f and Ay f f

a C 4o are different in the special model, we consider them as parameters.

a For it is IR finite which Ay(h) involved in T — ~,,7("(~, so its contributions
are suppressed by E, /M, ~ 4 x 10~ when compared with virtual processes.

a So we ignored the real processes and included the virtual processes only when
we considered the impact of Ay(h) to R, (Esqft).
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The Ay(h) impacton T — 777 as a function of M 44(;). The Ay(h) impact on
real contributions ignored for it is suppressed by F; /M, and T — pu*p~ is
ignored for it is suppressed by M 3 /M?. The Feynman diagrams which exchange
Ay(h) between bb are ignored for it should not change the ratio R.,.



a If we consider the R, we should include the real correction too.

A If we select 10.3GeV < Myg) < 10.6GeV, TA7] /TEO[r] ~ —4 x 107°C3%, +
5 x 10719C%,, and I"[7]/T*C[7] ~ 3 x 1075C2 + 8 x 1071°C}L.

a The corresponding R, (Es.p) with 10.3GeV < My < 10.6GeV, is
A7) /TLO[7r] ~ —5 x 1078C3, and T"[7]/TLO[7] ~ 3 x 107°C?2.



4 Leptonic decay of 7,
It 1s also studied by Jia[ | 4] within SM and by Rashed within NP[
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Part of Feynman diagrams for 7, — 777"



The amplitude

—’LOPRS< )\/7771[
Var i

Where m; 1s mass of lepton, and mp is mass if pseudoscalar heavy quarkonium.
And there are three contribution for C*’:

A(P(pr) = I (p2) +1*(py)) = a(po)7"v(ps). (17

Cr'=Cy+C;+C, (18)

CP correspond to the contributions of «y at one-loop level. And C correspond to
the contributions of Z* at tree level. These two terms correspond standard model
contribution. Within the new physics model, CP-odd Higgs A is introduced, and
it’s contributions correspond C'4.

The decay width of P — ["]~ can be get through Eq.(17)

1 —4m?/m?
(P + 2| \/ P 1
(P =) =10 47rmp 1287 C



Then C can be calculated directory:

e? csc? Oy O%

O —
4 (ra— Dy
2 2 0
C"’C _ €~ CSC™ Uw 20
4 (ra — Drwy (20)

Where 6y is weak mixing Weinberg angle, e is charge of electron, and r; is m? /m%
fori = Z,W, A", . The C’§ can be calculated directly too:

e? csc? Oy sec? Oy

CPr =
Z -
o — e? csc? Oy sec? Oy 1)
rz

e* V1—dr;—1
O = — —24tanh™! (/1 — 4r) + 12Li
i 2772\/T — 41y { anh™ ( ) 2 (\/1 —dr + 1)
2r; + /1 — 4r; — 1) [log (_27“1 + /1 —4r; — 1) N 2i7r] N 7TQ}

27‘[ 27“;

+3 log (—



The numerical decay width in units of keV within standard model. We use
[R(0)> = 6.477 GeV?, |RE')(0)]2 = 0.810 GeV?, |RE?(0)[2 = 0.529 GeV?,
my, = 9.4 GeV, m, 15y = 2.980 GeV, and m,, (25) = 3.637 GeV. Here 3.16E-16
means 3.16 x 10716, Ty,su[m] ~ 10MeV.

Tlb 770<1S) 770<25)
e”) |3.87E-12 4.84E-13 3.16E-13
(&

=) |1.29E-10 1.53E-08 4.94E-09
Lonlete™) | 1.74E-10 1.51E-08 4.87E-09
*u7) | 1.65E-07 2.04E-08 1.33E-08
tu7) | 2.71E-07 2.15B-05 7.45E-06
Conr(pt ™) | 7.10E-07 2.09E-05 7.15E-06

-) |433E-05 -  8.11E-07
-) 16.32B-06 - 2.91E-05
*77)|5.08E-05 -  3.18E-05




The numerical decay width of 7, — 777~ in units of keV. The unit of A" mass is
GeV. Tsy(ny — 7777) = 5.08 x 107 ke V. Tyorar[ms] ~ 10MeV.

Cao| 5 10 25 50
20 2.94E-5 1.60E-3 3.24E-2 1.34E+0 2.17E+1
50 4.76E-5 6.72E-6 3.10E-4 2.07E-2 3.55E-1
100 |5.00E-5 3.36E-5 6.95E-6 9.06E-4 1.96E-2
150 | 5.04E-5 4.25E-5 2.29E-5 9.74E-5 3.39E-3
200 |5.06E-5 4.60E-5 3.35E-5 1.22E-5 8.91E-4

ma




Inp(p—= 77 77)/Tsm (=77 17)

10* ¢
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Cnp(my = 7777) /sy (ny — 7777) as a function of CP-odd Higgs mass. Here
C'ao = 25.

ma/GeV



Inp(p=>777)/Tam(p—>7"77)

100 :
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Unp(my = 7777) /Tsar(my — 7777) as a function of Cyy. Here m4 = 100 GeV.



Inp(7c(29) -7 77)/Tam(c(29)-7777)
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Cnp(ne(2S) = 7777) /Tsa(n(2S) — 7777) as a function of m 4 . Here the
coupling C%, x Cyy = 1.



5 Summary

a Compared with the recent Babar’s data /7, = 1.005 4= 0.013 = 0.022, we find
that SM prediction /7, = 0.993 & 0.006 is consistent with the experimental data
and a little less than the center value.

a We present a better approach to test the SM in leptonic decay of T, R, (Esoft) =
Y — 777 + X|/TT = p'p + X]|p,p,,- After resumming the large
logarithms, we get R.,(Es:) with a soft cut at the precision level of 0.1%.
The effect of QCD is very weak 1n this channel. It can be compared with exper-
imental data more precise.

A We also consider the possible solution, light Higgs A and pseudo scalar Higgs
Ag. To clarify the discrepancy, more work should be done by theorist and ex-
perimentalist.

a Leptonic decay of 7, within SM and NP is studied too.
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Backup

The LO decay width
4|R(0)]2a?\/T — 4ry(1 + 2
FLO[T — l—f—l—] _ ‘ ( )’ Q > Tl( + ’rl), (22)
IM 5
The NLO decay width piece is
_ 4|R(0)]*a? Q
[ T 117 = vV1—A4r (142 1+
viol ) M2 ri{1+2n) dry/T — 47 (1 + 2r))

(32 — 32r?)Lig(z5) + (16 — 16r2) (Li2(—x5) + In(z5) In(1 — xﬁ))
+(2 4 4r;)/1 — 4y (6 In(zg) —8In(l — zg) —4In(1 + :1:5)>

+(3+ 1871 — 4y + (=12 4 8y + 2877) In(xg) + (8 — 32r7) In(xp) In(1 + z5)

+Terms independent on rl} : (23)

25 = (1 — VT=2m)/(1 +/T—47)



	Introduction
	Standard Model prediction
	Impact from New Physics
	Leptonic decay of b
	Summary

